Best 



ble Copy 



XP002907715 

Digital Visual Interface 
Revision 1.0 



^Digital Display Working Group^| 




Digital Visual Interface 

DVI 



Revision 1.0 
02 April 1999 



Page 1 of 76 



29077 15A_I_> 



. , _1 1AT PrMIII^B 



Digital Visual Interface — - _ - -^mm 

Revision 1.0 digital Display Working Group*© 

The Digital Display Working Group Promoters ("DDWG Promoters") are Intel Corporation, Silicon Image, Inc 
Compaq Computer Corporation, Fujitsu Limited, Hewlett-Packard Company. International Busmess 
Machines Corporation, and NEC Corporation 

THIS SPECIFICATION IS PROVIDED "AS IS" WITH NO WARRANTIES ^ 1SmVB ^ 3 ^. ^ 
WARRANTY OF MERCHANTABILITY, NONINFRINGEMENT. FITNESS FOR ANY P^CULAR 
PU^ OR ANY WARRANTY OTHERWISE ARISING OUT OF ANY PROPOSAL, SPECIFICATION OR 
SAMPLE. 

The DDWG Promote* disclaim all liability, including liability for infringement of any proprietary rights, relating to use 
of information in this specification. No license, express or implied, by estoppe. or otherwise, to any mtellectua. property 
rights is granted herein. 

The DDWG Promoter* may have patents and/or patent applications related to the Digital Visual ln,«face Specific*^ 
The DDWG Promoters intend to make available to the industry an Adopter's Agreement that wdl I , ndudc a hmtted 
reciprocal, royalty-free license to the electrical interfaces, mechaniea. interfaces, signals, signa.ing and codmg protocols 
Id bus prntoLu described in, and requited by. the fltftt W Specification Revision " *f"d£ 

published by the DDWG Promoters. To encourage early adopt*. Adopters will be reared to re*m then. ~ ecu ed 
copy of the Adopter's Agreement during an "Adoption Period" which is within one y~r after the DV1 Spcc.fi«Oon 
Region 1.0 is fit* pubhshed or within one year after the Adopter fits, sells products that comply wtth tha 
deification, whichever is later. This Adoption Period requirement will give parties ample „me to understand the 
benefits of becoming an Adopter and encourage them to remember th.s important step. 

Copyright © DDWG Promoters 1999. 

•Third-party brands and names are the property of their respective owners. 



Acknowledgement 

The DDWG acknowledges the concerted efforts of employees of Silicon Image, Inc. 
and Molex Inc., who authored major portions of this specification. Both companies 
have made a significant contribution by developing and licensmg to the mdustry the 
core technologies upon which this industry specification is based; transition 
minimized differential signaling (T.M.D.S.) technology from Silicon Image, and 
connector technology from Molex. 



REVISION HISTORY 

02 Apr 99 - 1 .0 Initial Specification Release 



Page 2 of 76 



BNSDOCID' <XP. 



.29077 15A_I_> 



Digital Visual Interface 
Revision 1 .0 



Digital Display V 



Acknowledgement 

REVISION HISTORY 

j 

1. Introduction ] 

1.1. Scope and Motivation " { 

1 .2. Performance Scalability *' 

1.2.1. Bandwidth Estimation 

1.2.2. Conversion to Selective Refresh 

1 .3. Related Documents 

1 3 1 VESA Display Data Channel (DDC) Specification 

132 VESA Extended Display identification Data (EDID) Specification 

13 3. VESA Video Signal Standard (VSIS) Specification 

134 VESA Monitor Timing Specifications (DMT) .... 

7 3 5 VESA Generalized Timing Formula Specification (GTr) 

136 VESA Timing Definition for LCD Monitors Specification 

1.3. 7. Compatibility with Other T.M.D.S. Based Implementations 

2. Architectural Requirements. 1 

2.1. T.M.D.S. Overview 1( 

2.2. Plug and Play Specification ' 1( 

2.2.1. Overview 1 

2.2.2. T.M.D.S. Link Usage Model f 

2. 2. 3. High Color Depth Support t 

2.2.4. Low Pixel Format Support r 

2.2.5. EDID 1 

2.2.6. DDC "' 

2.2.7. Gamma 

2.2.8. Scaling 

2.2.9. Hot Plugging : ■ • - » 

2.2. 10. HSync. VSync and Data Enable Required 

2.2. 1 1. Data Formats 

2.2. 1 2. Interoperability with Other T.M.D.S Based Specifications 

2.3. Bandwidth 

2.3.1. Minimum Frequency Supported 

2. 3. 2. Alternate Media 

2.4. Digital Monitor Power Management 

2 4.1. Link Inactivity Definition 

2.4.2. System Power. Management Requirements 

2.4.3. Monitor Power Management Requirements 

2.5. Analog 

2.5.1. Analog Signal Quality 

2. 5. 2. HSync and VSync Required • 

2.5.3. Analog Timings 

2.5.4. Analog Power Management 

2.6. Signal List 

3. T.M.D.S. Protocol Specification •• 

3.1 Overview 

3.1.1 Link Architecture 

3.1.2 Clocking 

3.1.3 Synchronization ' 

3.1.4 Encoding 

3.1.5 Dual-Link Architecture 

3.2 Encoder Specification 

3.2. 1 Channel Mapping ' 



Page 3 of 76 



Digital Visual Interface 
Revision 1.0 'Digital Display VV 

28 

3.2.2 Encode Algorithm ........ 30 

3.2.3 Serialization 30 

3.3 Decoder Specification 30 

3.3. 1 Clock Recovery 30 

3.3.2 Data Synchronization **''*'* 37 

3.3.3 Decode Algorithm 31 

3.3.4 Channel Mapping " 31 

3.3.5 Error Handling 32 

3.4 Link Timing Requirements 

4. T.M.D.S. Electrical Specification '"'.^ 

4 1. Overview 35 

4 2 System Ratings and Operating Conditions 35 

4 3 Transmitter Electrica! Specifications • 38 

4 4. Receiver Electrical Specifications 39 

4^5. Cable Assembly Specifications .*. 39 

4 6 Jitter Specifications • ... 40 

4.7. Electrical Measurement Procedures * 4Q 

4. 7. 1. Test Patterns - " 40 

4. 7.2. Normalized Amplitudes.., **'" 4 q 

4. 7.3. Clock Recovery : ' 4 

474. Transmitter Rise/Fall Time 4 

4. 7.5. Transmitter Skew Measurement 4 

4. 7.6. Transmitter Eye 4 

4.7.7. Jitter Measurement 4 

4. 7.8. Receiver Eye - • " 4 

479 Receiver Skew Measurement 4 

4. 7. 10. Differential TDR Measurement Procedure ^ 

5. Physical Interconnect Specification 



5.2. Mechanical Characteristics " 

5.2.1. Signal Pin Assignments 



5.2.5* Digital Plug Connectors 

52 6. Analog Plug Connectors 

5.2. 7. Recommended Panel Cutout 

52.8. Mechanical Performance 

53 Electrical Characteristics 

'53 1 Connector Electrical Performance 

53 2 Cable Electrical Performance 

5.4. Environmental Characteristics 

5 5". Test Sequences — 

5 5 1. Group 1: Mated Environmental 

55 2 Group II: Mated Mechanical 

5 5 3. Group III: Mechanical Mate/Unmate Forces 

5.5.4. Group IV: Insulator Integrity 

5 5 5 Group V: Cable Flexing 

5.5.6. Group VI: Electrostatic Discharge 

Appendix A. Glossary of Terms 

Appendix B. Contact Geometry 

Appendix C. Digital Monitor Power State - State Diagram 

Page 4 of 76 



290771 5A_I_> 



Digital Visual Interface 
Revision 1.0 



T>i S iral Display Working 



Grot 



1. Introduction 

laptop etc) and will enable these different segments to unite around one monitor .menace 
specification. 

I" 6 SliS^iSK- loss.ess digital domain from creation to consumption 

2. Display technology independence 

3. Plug and play through hot plug detect.on. EDID and DDC2B 

4. Digital and Analog support in a single connector 

This interface specification is organized as follows: 

♦ Chanter 1 provides motivation, scope, and direction of the specification. 

t S p e 2 p ovides a technical overview and the specific system and display ^tural 
Jnd programming requirements that must be met in order to create an inter-operablc 

context for the DV1 interface. HirtWeniial 

♦ Chapter 3 provides a detailed description of the transition mm.mized differential 
signaling (hereinafter T.M.D.S.) protocol and encoding algorithm. 

♦ Chanter 4 provides a detailed description of the electrical requirements of T.M.D.S.. 

t Sap-r S contains the connector mechanical description and the electrical charactenst.es 
of the connector, including signal placement. 

♦ Appendix A is a glossary. 

4 Appendix B details the connector contact geometry 

♦ Appendix C enlarged digital monitor power state diagram 

1.1. Scope and Motivation 

The purpose of this interface specification is to provide an industry V*^*^* 
interface between a personal computing device and a display device. This specifics t on 
Lmv Ses for a simple low-cost implementation on both the host and monitor while allowing 
tt^ZZSZmcn and sys'tem providers ,o add feature rich values as appropriate for 
their specific application. 

The DDWG has worked to address the various business models and 
industry by delivering a transition methodology that addresses the needs of those vanou, 
requirements. This is accomplished by specifying ™ "^T^^E combed 
characteristics- one that is digital only and one that is digital and analog The comb.nea 
dSunSoTconnectorl designed to meet the needs of systems w.th speca factor 

.Jt™«tp retirements Having support for the analog and digital interfaces for the 
ZS£ZZZS5S£££ Jt allow the end user to simply plug the display into the 
DV1 connector regardless of the display technology. 

The digital only DVI connector is designed to coexist with the standard VGA connector. 
w"h he combined connector or the digital only connector the opporjun. v ex« «fc the 
removal of the legacy VGA connector. The removal of the legacy VGA connector is 
anticipated to be driven strictly by business demands. 
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remains in .he lossless digital *— «^^3K^^ d, ^ , ^ " 
developed with no assumption made as to the attached display tecnno.ogy 

This specification completely describes the interface so that one could 

transmission and interconnect " The 



described. 



A device that is compliant with this specification i shou, ^^^^6 for 
compliant devices through the plug and play and h»n ^ J and monitor 
in this specification. The plug and play interface ^f^™™^ of y.M.D.S. links 
feature detection. Additionally. A »^^Jl^Z{^Z T M.D.S. links, 
available to the display device and the method for configuring 

The bandwidth and pixel formats that are anticipated and - J^jf^^S. 
Scribed. This specification ^^^^^^^^^ DVI 
to support the high data rates required by large pixel format displ y and , and 

specification provides for ^^^^g^^J^LJL functionality, 
play configuration management are both fully descnoeo. 
low-pixel format requirements are included. 

low-cost implementations. Specifically VESA t, n« a y identification and 

and Display Data Channel ^^^^^S^^S^^ timings, 
the VESA Monitor Timing Specification (DMT) !S reterence 

1 2. Performance Scalability 

Theamountofrawbandwidthm^ 

For example a typical CRT allocates a blank n ' n "£™ occuf •„ a , imited limc slot, 
requirement is technology specific and forces ; the da £ «£j active window whilc 

This limited time slot increases the "^ f ™"S \£2Jng to complete. A blanking 

mandating long data inactive «me peno* to a ow j ' a n g P 

period is display ^"^^^^^Za^ to the display device. It 
blanking periods provide more ^of the actual .m er ^ b)ank;ng d 

is anticipated that display technology will con inue » providing the maximum 

only, not a requirement. 
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— Proposed Spec 
• - - Future Architecture 



♦ VGA (640x480) 
■ SVGA (800x600) 

XGA (1024x768) 
<SXGA (1280x1024) 

• UXG A (1600x1200) 
+ HDTV (1920x1080) 
-QXGA (2048x1536) 



Figure 7-/. Available Link Bandwidth 



Fieure 1-1. Available Link Bandwidth, represents the raw bandwidth available from each 
TMDS link The three horizontal axes across the bottom of the figure represent the 
different overhead requirements of the various display technologies. To / et ^ min ^7 t e n 
number of links required for a specific application simply use the legend on the "&"?J?™ X 
the pixel format, then find the pixel format on the horizontal axis that represents the d splay 
technology of interest. Once the pixel format has been identified draw a vertical line to 
intersect the T.M.D.S. bandwidth curve, this is the bandwidth required for the pixel format 
and display technology selected. 

1 .2. 1 . Bandwidth Estimation 

The bandwidth that is required over a physical medium is easy toestimate Data required as 
input are Horizontal Pixels, Vertical Pixels, Refresh Frequency (Hz), Bandwid 
(loosely defined as blanking). An equation to quickly estimate the bandwidth requ.red is. 



[ 



# HorizontalPixelsvM VerticalPixels x Rate X 1 + 



%Overhead \ 



100 



J 



_ Pixels 



Second 



Equation /-/. Pixels per Second. 
Where overhead is defined as 



Overhead = 



Blanking 
1 - Blanking 



Equation 1-2. Overhead. 
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To measure the ** bandwidth in pixels per second assun.es each ofthe three channels is 
transmitting an R-pel, G-pel. and B- P el data » umson. 

A pe, is a pixe, element, i.e. the 5*^^ 
pixel. Pixels per second 'K^T/lon M and the T.M.D.S. signaling 

1 2 2 Conversion to Selective Refresh 

His anticipated that in the future the JES^ 
monitor. Only when data has changed w.U ^J^J^,^^ with a selective refresh 
have to employ an addressable memory -space „ enable th, fea be 
interface, the high refresh rates required to keep a mom o S ^ contro „ er 

1 3. Related Documents 

help enable plug and play interoperability. 
1 3 1 VESA Display Data Channel (DDC) Specification 

This specification incorporates a subset ofthe ^^^J^^^Z * 

^^^^^.^^ - V ESA OOC Specification 
Version 3 .0 for more information. 

1 3 2 VESA Extended Disp.ay Identification Data (EDID) Specification 
Both DV, compHant systems and monitors 

and 2.0 are recommended fo, !^«^^5 ie C EDl P D data structure to determine 
detailed in section 2.2.5. The system is irequ h h DVl specification will 

the capabilities -^^^^^tlSn 12 months of VESA adoption. 

1.3.3. VESA Video Signal Standard (VSIS) Specification 

^ «f fhP nvi sneciftcation must be in compliance 
Systems implementing the analog portion o ih^VI specm ^ ^ y£SA 

with the VESA VSIS specification within 12 months ot VbbA p 
VSIS Specification Version 1 -6p for more information. 



EDID 1.2 
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1 .3.4. VESA Monitor Timing Specifications (DMT) 

Systems implementing the analog portion of the DVl specification should be in co™P»»"« 
whh the VESA and Industry Standards and Guidelines for Computer Display Mon«ot 
Timings specification. Refer to VESA and Industry Standards and Gu.del.nes for Computer 
Display Monitor Timings Version 1.0 Revision 0.8 for more .nformat.on 

1.3.5. VESA Generalized Timing Formula Specification (GTF) 

Systems implementing the analog portion of the DVI specification should be ™ wmpHance 
with the VESA Generalized Timing Formula Spec.ficat.on. Refer to VESA Generalized 
Timing Formula Specification Version 1.0 Revision 1.0 for more .nformat.on. 

1 .3.6. VESA Timing Definition for LCD Monitors Specification 

LCD monitors should be in compliance with the VESA Timing Definition .for LCD Monitor 
Specification. Refer to VESA Timing Definition for LCD Mon.tor Spec.ficat.on Vers.on 1 
Draft 8 for more information. 

1 .3.7. Compatibility with Other T.M.D.S. Based Implementations. 

The DVI specification is based on a T.M.D.S. electrical ^yer Every effort has been .made to 
ensure interoperability with existing products that support similar T.M.D.S. «g<£«* 
implementations of VESA DFP or VESA P&D specification should connect to the DVI 
specified connector through a simple adapter. 
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2. Architectural Requirements 
2.1. T.M.D.S. Overview 

S^rZ^^^ 

■hat 8 bits of dm into a 10-bii traomton mm.m.zed. DC balanced character. 

Thin interface soccif.catioo alio*, for two T.M.D.S. lioks en.bliog large pixel formar digital 

determined the system will choose to enable one or both T.M.D.S. link*. 

T.M.D.S. Links 



r 



Graphics 
Controller 


r 


Pixel Data 




Control 





PAta_Cbaj)neLQ 

Data Channel i 

^DataJ3hanynie|_2_ 



.CiocK- 



P_ata.^anoei3_- 
^ata_Oiannelj4_ 
.DataJ?.hanne.L5_ 



Pixel Data 



Control 



t 
V 



Display 
Controller 



Figure 2-L T.M.D.S. Logical Links 

cost cables. 

2.2. Plug and Play Specification 

2.2.1. Overview 

On initial system boot a VGA compliant device might be assumed by the graphics controller. 
?o n ;rmmo S re system boot modes and debug ^.^^^SS'SdT 
support the low pixel format mode defined ,n sectton ™- 4 g^*™* ° determine what 

will determine what pixel format to display. 
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d g P Ua. CRT support. Digital CRTs are envisioned to 'a d Jul 

grlphica. data received by the ^ "jJ^i^K^i^ aHocatedto 
to analog conversion occurring in the monitor Digital C^sreq, ^ ^ 

srdtinT- ■ r srssr^ 

Formula (GTF) can support pixel formats of greater than 2 75 m.ll.on _p.«h , « an 85 Mz 
refresh rate. A display device that supports reduced blankings and refresh rates can eas-ly 
support more than 5 million pixels with two T.M.D.S. links. 

links. If an analog DV1 compliant monitor n^f^'J^^Z the 1 5 pin VGA 
the analog DVI compliant monitor as it would a analog monitor connected to P 

connector. 

interface and enable the T.M.D.S. link if required. 

After the pixel format and timings have been determined there are two more parameters that 
effect the user perception of the picture quality, gamma and scaling. 

The gamma characteristic of a monitor is display technology dependent. 1" the past a CRT 
hi beJn assumed as the primary display technology to be used. To ensure 6 
independence, no assumption is made ''^^^^J^^^L^ to 
characteristic of the data at the interface allowing monitors ot varying a p y 
compensate for their specific display transfer characteristic. 

If the monitor is identified in the ED ID data ^^^^^^ ^monitor 
supports more than a single pixel forma,, then a ^^^^T^ imagc . For 

this specification. 

2.2.2. T.M.D.S. Link Usage Model 

v i-. .KPnin data structure the DVI must be able to select between 
To maintain compatibility with ED1D da a structure i new Jh compa tibiIity 

one or two links based solely on the pixel f ^^ t ^«^f^ «° *e user. To 
of a monitor and system must be easily identified by - tte ^^"/^^ and the 
ensure ^'P^^^oTuS to "X^*^ and timings requiring 
~ dtL^f65MH, 0 Any Pixe, 
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5^^B5SOTfiii?« at 30MHi i. do. allowed. « - 
second links minimum operating frequency is 82.5MHz. 

E d p^fo-S up^a'a, »™Z do— (800x600, c»« b= used. 

the least capable component in the graphics subsystem. ^ 



Crossover Frequency Architectural Note: 
The g oa, of the cross over frequency is 

timings the monitor might choose to ^^^^^^S,? IS one 162 MHz 
links. If a system supported the same pixel format and mmngs but fi, y ^ 

link then an incompatibil.ty has been cr f=f hp T^ nat L would not be able to support the 
the same exact pixel format and timing bu the comb,n ^ n WOU Ration woutd be available 
pixel format. Prior to booting the system (a purchase "^^J'^no defined 
-usertodeterm^^ 

mr^hiSS an^monhort determine if a specific pixel format could be 
supported. 





Monitor 


Single Link 
Note#l 


Dual Link 


Single Link 
Note#l 


OK 


OK; Monitor at 
low pixel format 
Note U2 


Dual Link 




OK; System 
pixel format 
limited by 
monitor 


OK 





Table 2-1. Single and Dual Link Operation. 
Tab,, 2- 1 idendf.ea *. ™.D.S. U„W T.JSjS. 

r „,, ht P»,p T »«H= ;M 
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165MHz T M.D.S. clock operation. The single link only mode must be used for 2SMH, Mo 
65MHz T M.D.S clock operation and the first link can operate at above 1 «M».m^ 
clock only in the case of the total bandwidth requirement surpassmg 330MHz T.M.D.S Cock. 

NoteJ2. The--Hnk m o„ r plu gf e S 

images. The tmages are p.xel f^^^SSSL. A configuration utility may 
single link frequency of up to J 65MHz T.M.D.b cIock op message on l y stating there 

support the larger pixel format. 

2.2.2.1. T.M.D.S. Link System Requirements 

A DV, compliant system must implement a ^^^^^^^^ 
minimum low pixel format mode must be supported. The = ™~ P « haTrequire greater 
implementation specific. If the system supports pixel formats and ttmmgs that q g 
hTn a 1 65MHz T M.D.S. clock then implementauon of the second T.M.D.S. lmk rcqu 
There is no specified maximum for the dual link implemen.auons. 

. IT .. n r ijnk« must be able to dynamically switch between 
A system supporttng dual T.M.D.S. links must oe aD,c ° " y £ ire sing | e and 

link, the secondary link must be inactive. 
2.2.2.2. T.M.D.S. Link Monitor Requirements 

A DV1 compliant monitor mus, implement a minimum of ■ ^f^* 0 " 
£he minimum low pixel format mode must be «VS^^SSZ^>dS^ *" 

link is required. 

require single and dual link configurations. 

2.2.3. High Color Depth Support 

Color depths requiring greater than 24-bit per pixel are allowed to be supported via the second 

version of the specification, 
operate in the required 24-bit format. 
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2.2.4. Low Pixel Format Support 

Low-pixel format modes are supported to allov. 
.operation mode enables the user to view a legiV 
well as Operating System initial loading messii 
image to be scaled to full screen or centered. 

Once the Operating System loads the graphics 
different pixel format and timing mode. The v 
VESA BIOS calls and INT 10 BIOS (IBM PS 
for the hardware to emulate the legacy mode. 




default operation mode. This default 
display of BIOS messages and progress as 
A legible picture does not require the • 



.uroller driver the driver may switch into a 
0 BIOS is required to respond to all legacy 
.egacy BIOS) calls, however it is acceptable 



2.2.4.1. System Low Pixel Format Support P tirement 



Industry Standard Timings for 640x480 pixel 
25. 1 75 MHz and Horizontal Frequency of 3 1 . 

To insure compatibility the system must re-m 
pixel format support mode. 



' :nat at 60 Hz Refresh with a pixel clock of 
Hz. 

intlO mode 3 BIOS calls to required low 



2.2.4.2. Monitor Low Pixel Format Support f» >uirement 



Industry Standard Timings for 640x480 pixel 
25.175 MHz and Horizontal Frequency of 3 ! 



.rnv.it at 60 Hz Refresh with a pixel clock of 

l cHz. 



2.2.5. EDID 

At the time of the creation of the DV1 specif; 
VESA, the standards body responsible for Xhi 
The EDID 1.3 data structure specification trn- 
several of the display technology independet. 
anticipated that the DVl specification will re. 
support within 12 months of VESA adoption 



•■ion there is a development effort underway by 
. ration of monitor identification standards. 
• ; . underdevelopment purportedly addresses 
. 5-.ies germane to the DVl specification. It is 
£ support for the EDID 1.3 data structure 



2.2.5.1. EDID System Requirements 

A DVl compliant system must support the EDIO data structure. EDID \ .2 and 2 0 are 
recommended for interim support for system,. No assumpt.on above the »™ P"^*™ at 
requirement (640x480) pixel format can be mad, about monitor support. The system is 
required to read the EDID data structure to determine the capabilities supported by the 
monitor. 

Current digital monitors based on the T.M.D.S. electrical specification use both the : EDID > 1.2 
data structure and the EDID 2.0 data structure. Any system dcs.r.ng to support both groups of 
existing monitors must support both EDID data structures. 

2.2.5.2. EDID Monitor Requirements 

A DVl compliant monitor must support the EDID data structure. EDID 1.2 and 2.0 are 
fecommended for interim support for systems. The DVl .ow-pixel forma, requ.remen does 
not have to be listed in the EDID data structure but the monitor must present a legtbl .mage, 
ff the monitor is a fixed pixel format monitor then the EDID "Preferred T.m.ng Mode b.t 
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~ . ~«v»t i Rh hit 1 • EDID 2 0 data structure offset 7£h bit 

2.2.6. DDC 

22.6.1. System DDC Requirements 

DDC2B support is required. The DDC + 5 volt signal is required in a DV1 eomp.ian, system. 
Note: The power pin must be able to supp.y a minimum of 55 mA and the monitor may not 
draw more than 50 mA. 

2.2.6.2. Monitor DDC Requirements 

DDC2B support is required. A DV. compliant ^g^J|^J^£^ 
transactions Within 250 mS of the application of the DDC required +svo". 
must be able to respond to transactions to the EDID data structure by DDC2B. 

• • Note: The DDC required + 5 volt power pin must be able to ^'j*^*!^* " 
The monitor is powered off, the monitor may not draw more than 50 mA. 
powered on, the monitor may not draw more than 10 mA. 

2.2.7. Gamma 

transfer function, requiring pre-compen sat.on , of £™ ™ word processor 
image. However, computer Since this data is 

documents, etc) are generated in a mathematically hneai co or spa 
typically displayed on a CRT device, the graphics control er app f.es a d p 
"taction known as gamma correction, to Jf-^~^XSe5 by an exponential 
controller. The typical CRT display transfer functions are represented y p 
action of the form W. where x is the input signal. Y the output signal and Y (gamma) 
the display transfer characteristic, which is approximately 2.2 for CRTs. 

Generating accurate color rendition, i betweer ^^^^^^^^ 

research and development topic ,n the indus «y. ^ • Sore, beyond the intent 

Color Consortium, are working to standardize approaches, jus. tner 

and scope of this specification to define standards in this area. 

However, pending further definitive requirements U U ^^Z\o^t^ 
that digital monitors of all types support a color transfer tunc «™'' * . wi „ 

graphics controllers supporting alternate transfer functions. 

2.2.8. Scaling 

1 .display of native pixel format data jbili of the monil0 r. It is 
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monitors should make every effort to provide a quality scalar thus allowing the end-user 
experience to match that of the typical analog multi-sync monitors. 

2.2.8.1. System Scaling Requirements 

The host may assume that the monitor can display the required low pixel format mode even if 
it is not listed in the EDID data structure. If the monitor does not support a requested p.xel 
format then the graphics controller may 1. scale-the image to the momtor's nat.ve p.xel 
format 2 centerThe image or 3. report the pixel format as unavailable. The system may 
S aXo llthe end user to select between the monitor scalar. ,f ,t ex.sts, and the 
Sstem scalar. The default mode of operation is to use the monitor's scalar when ava.lable. 

Note- To eliminate the potential for cascaded scalars, if the system scales the image then the 
^em mustTcale the image to the monitor's defined preferred mode t.m.ng (nat.ve p.xel 
format in a fixed pixel format panel). 

2.2.8.2. Monitor Scaling Requirements 

If the monitor is identified as a fixed pixel .format device that supports ; more _ than a single- 
pixel format, a monitor scalar is required to ex.st for those supported p.xel formats and 
should ahlays be used. The monitor should scale to all standard p.xel formats between ts 
Srinm^d format and the low pixel format requirement. The ' ^'J 
Support, in the EDID data structure, for a pixel format that can be d.splayed foil screen ,n at 
least one dimension. 

If the monitor does not have a scalar, the monitor must only report its single fixed J**' 
forma™ the EDID data, but the monitor must still present a legible p.cture when presented 
with the required low-pixel format mode. 

Note: If a DV1 compliant monitor only supports (i.e. foil screen in at least one .diction) its 
nat ve. fixed pixel format and .f the required low pixel format mode .s a legible ^utno full 
screen display then the monitor must only list support for .ts nat.ve, fixed p.xel format n 
EDID data structure. If the required low pixel format mode is displayed full screen ,n at least 
one dimension, it can be listed in EDID. 

Note: If the monitor is a fixed pixel format monitor then the EDID MTU« ModV 
bit must be set and the native p.xel format of the mon.tor Sea 
♦ r-\A /pnin "Preferred Timine Mode" bit is located in EDID 1 .2 data structure ai 
S 8h hi J I and in S^D 2.0^ data structure offset 7Eh bit 6d) Th.s preferred mode ; timing 
Sflcauon requirement is designed to allow the system to determ.ne the nat.ve p.xel forma, 
of a flat panel display (by design, a fixed pixel format dev.ee). 



2.2.9. Hot Plugging 

Hot Plue Detection (HPD) is a system level function requiring industry specifications at both 
£rdware ani softwa" levels. It is beyond the scope of this specification to define a complete 
«v« e T S ohTtion This section is therefore limited to the specification of the hot plug s.gna 
hCTovid" «he hardware underpinning for a complete system solution. The operat.on of the 
hot pfog pin!as described below, is required by this specification. Any spec.fic system 
response to the hot plug pin is optional. 

Future software specifications are anticipated, which should provide the complete system 
sottion in me interim, the graphics driver is free to generate its own appl.cat.on based on 
the hot plug signal. 
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Hot Plug Events .. Mnnilnr Attach" Hot Plug event is detected the graphics 

S he mSS ED1D data. If the graphics subsystem and mon.tor support comp.t,ble 
plxe. formats the operating system should enable the momtor and the T.M.D.S. hnk ,f 
required. 

Removal" is detected the graphics subsystem must disable the T.M.D.S. transmitter 
second. 

2.2.9.1. System Hot Plugging Requirements 

Wnt Plni? Detection is future OS dependent. It is anticipated 

to take advantage of this feature. 

Removal" is detected the graphics subsystem must d.sable the T.M.D.S. transm.tter w.th.n 
second. 

*w The VESA Plue and Display specification allows for up to +20 volts to be applied to its 
X^HoTpfut De4t Pi , although no such implementations are known to ex.st. To ensure 
2S^SS3«fi to enable compatibility with a P&D monitor « - reared 

unconnected, or otherwise insures that +5 volts is not exceeaeo. 
required of a DVI compliant host. 

2.2 9.2. Monitor Hot Plugging Requirements 

When the ED1D data structure can not be read then voltage on the HPD.pm must oe o 
. +0.4 volts. 

Cementation Note: As an example for hot plug support, a simple monitor implementation 
of HPD support could be a pull up resistor to the EDID power supply. 

2.2.10. HSync. VSync and Data Enable Required 

it ic ,rn ec ted that dieital CRT monitors will become available to connect to the DVI 
S f«u£ independence, the digital host is required to separately encode 

HSync and VSync in the T.M.D.S. channel. 

The digital host is required to encode Data Enable (hereinafter DE) in the T.M.D.S. channel. 
DE must be an active high signal. 

Note: The bit mapping within the T.M.D.S. is specified in section 3.2. 
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2.2.11. Data Formats 

2.2.11.1. System Data Formal ^Support as g min i mum . The 

JOTSra^SWS^jr 6DID • ptc,to ' i0 " 

version 3.0. Note that lower color depths are also defined there. 

• . mP nt, the ED1D 1 2 data structure the system must assume the monitor 
if the monitor implements the tuiu i u« » 
su?pomThe 24-bU MSB aligned RGB TFT data format. 

2.2.11.2. Monitor Data Format Support stmc ture then the monitor must accept 

&^5"«3S- = - " tr '" ed " "" VESA ED,D 

version 3.0. 

. FnlD 2 o 1 3 or newer data structure the monitor may specify 
If the monitor implements the EDID_ 2.0, V J or » e , n a „ cases the monlt0 r 

any data format that is definable w.th.n the ^tjOTc 
must support the 24-bit MSB aligned RGB TFT data format 

2 212 interoperability with Other T.M.D.S. Based Specifications 
The DV, specification^^ 

s*d^ shou,d connect to the 

DV! specification through a cable adapter. 

While every effort is being made to « JJ^!^^^^^ ! 5?" 
accessory functions ava table m other »P^ C «' 0 ~,^ have a connection point in the D VI 
1394 interface potentially ,n e USB does not have a connection in the DVI 

SSr! "ESS SfuK t-monit. side will have to use an alternative means 
of connecting USB to the system. 

t \a n r links Anv non-DVl compliant monitor 

available from the second link, 
with requirements in section 2.2.9. 

2.3. Bandwidth 

2 3 1 Minimum Frequency Supported 

The minimum frequency supported is specified to allow 

Live low-pixel format link ^•f^r^^^oSiLn, of 25.173 MHz), 
format required by the DVI specfica on _ s 640* 480@60 ^ ^ ^ ^ than ^ 
The DVI link can be considered inachve it the i . m. 
MHz for more than one second. 
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The T M D.S. transmission protocol is DC balanced and capable of being transmitted over 
fiber optic cable. Specific details of a fiber optic implementation are not covered in this 
specification, but left to the designer. 

Fiber optic implementations can be DV1 compliant as long as the plug and Payability of the 
Z£ is P s,ill supported. For example, the system must be ab.e to read EDID data and 
detect a hot plug event. 

For alternative media to be DVI compliant it is envisioned that the alternate media will serve 
as a connector to connector adapter. 



2.4. Digital Monitor Power Management 

The following digital monitor power management (hereinafter DMPM) def ' n ~/^ n P t ° WCr 
management as applied over the T.M.D.S. link for any monitor type. Power management 
"ppfied over the analog link is defined in section 2.5.4 Six monitor P?^ " *JgJ 
to provide programmatic control of monitor power and ensure the availability of the monitor 
SSL For completeness, the monitor power states include states entered via the 

power switch. 

Mnnitor On Power State T.M.D.S. link is active. Transmitter powered and active. 
*£Z lowered and active This power state is equivalent to the DPMS "On" power state 
££ ^guaranteed to be available. DDC +5 volt signal is present, monitor drawing less 
than 10 mA current from DDC + 5 volt pin. 

The monitor can leave this state if I. The link becomes inactive as defined in 2.4.1 , 2. The 
DDC +5 volt signal is removed, or 3. The monitor power switch is toggled. 

Intermediate Power State. T.M.D.S. link is inactive. ^^jXtr^^T' 
Receiver remains powered with receiver outputs optionally "• b Jf 1 ^Jf J^^^* * 
able to detect the activation of the link and return the monitor to the On Power Mate, a 
Se coS the duration of the Intermediate Power State. This power states similar to the 
DPMS -Suspend" power state allowing for the controller circuitry ,n the mom or to , be 
Dowered as necessary to enable a quick recovery while dissipating less power than the On 
fo^r State EDI Jdata is guaranteed to be available. DDC +5 volt signal is present, 
monitor drawing less than 10 mA current from DDC + 5 volt pin. 

The monitor can leave this state if 1. The link becomes active. 2 The DDC +5 vol, signa. is 
removed 3. The monitor power switch is toggled or 4. Mon.tor timer expires. 

Arrive Off Power State T.M.D.S. link is inactive. Transmitter should be powered down. 
£ Sve^mam powered with receiver outputs optionally disabled. _ The receiver ^must be 
able to detect the activation of the link and return the monitor to the "On Powe S t ^. This 
power state is equivalent to the DPMS "Off state ("Active Off ,n ED ID 2. da a , stru 
EDID data is guaranteed to be available. DDC +5 volt signal .s present, mon.tor drawing less 
than 50 mA current from DDC + 5 volt pin. 

The monitor can leave this state if «- The link becomes active. 2. The DDC +5 volt signa! is 
removed, or 3 . The monitor power switch is toggled 

. - i w, ki r\tr Pnu,pr State T M D.S. link is inactive. Transmitter should be 

entered when the DDC + 5 volt signal has been removed from the monitor. EDID data 
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. . tl »ki„o i inW Recoverable Off Power State is not recoverable 
DPMS recovery) power state identified in the ED.D 2.0 data structure. 
The monitor can leave this state if « . The DDC + 5 volt signal is reapplied or 2. The monitor 
power switch is toggled 

c •. k off Power State This state is entered only when the power switch 

* s vo '; ssasss ssk sasre— £ — — r sir 

S?££?S! DDC « volt pin. If ftc DDC « voU dp* » no, ^ *- 
data is NOT guaranteed to be available. 

switch is toggled to the ON position. 



SSSS?^ ■* *w - — * «— lte VESA 

DPMS specification and the DVI DMPM. 

DMPM is simi.ar to DPMS power «~^*^£^*^Zl^ 
saving that must be achieved, and no requirement on the recovery t.mc 
These areas are left to the implementer to innovate. 

putting a user-accessible power switch on the monitor. 

The timer can be either hard wired at manufacture time, set to zero, or it could be 
programmable. 

complete compliance with the DVI specificauon i ne Ahh0 ugh DPMS does not 

in a DPMS implementation. 
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DPMS STATE 
Monitor Power 


DPMS SPEC 
Mandatory 


DVl - DMPM 
Monitor Power on 


DV! - DMPM 
Mandatory 


Stand-By 


Optional 


Not Defined by 
DMPM 




Suspend 


Mandatory 


Intermediate 
Power State 0 * 


Optional 


Off 


Mandatory 


Active-Off 


Mandatory 


Non-DPMS 
Recoverable Off 
(Listed in EDID 2.0) 


Not Defined by 
DPMS 


Non-Link 
Recoverable Off 


Optional 


Not Defined by 
DPMS 


Not Defined by 
DPMS 


Monitor Power 
Switch Off 


Optional 



Table 2-2. DPMS and DMPM comparison. 

(,) The DMPM intermediate power state is a logical mapping to the DPMS suspend power 
state, not a direct mapping. 




2.4.1 . Link Inactivity Definition 

An inactive T.M.D.S. link is defined as a link on which no logical transitions have occurred 
on the T.M.D.S. Data Enable. (DE) for more than one second . or the T.M.D.S. clock line 
frequency falls below 22.5MHz for more than one second. 

Note- It is acceptable for a monitor to consider a link inactive if the link is operating at an 
invalid frequency. (I.e. one that is below the minimum required frequency as defined in 
section 2.3.1 Minimum Frequency Supported or a frequency not supported by the monitor). 



2.4.2. System Power Management Requirements 

A DVl compliant system must disable the T.M.D.S. link to transition the digital monitor into 
a low power mode. 

2.4.3. Monitor Power Management Requirements 

Two power states are required by any DVl compliant digital monitor: I) Monitor On Power 
State and 2) Active-Off Power State. Additional power states may be optionally supported. 
Figure 2-2 is a monitor power state state-diagram. A larger, printable version of Figure 2-2 in 
included in Appendix C for clarity. 

If a monitor only supports the minimum requirement of two power states, then the monitor 
must only report active-off in the EDID data structure. 

If a monitor supports the Intermediate Power State, then the monitor must indicate Suspend 
support in the EDID data structure. 

If the monitor supports the Non-Link recoverable Off State, then the monitor must indicate 
Off with no DPMS recovery in the EDID data structure. 

The monitor should enter a defined Power Management mode if the T.M.D.S. interface 
becomes inactive for greater than five seconds. 
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acceptable timer value. 




F/gure 2-?- •S'a'e Diagram. Monitor Power Stales 



2.5. Analog 



1. Analog Signal Quality specification must be incompliance 



2.5.1 
s 

V 

information, 



2.5.3. Analog Timings soecification should be in compliance 
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2.5.4. Analog Power Management specification should be in compliance 

.more information. 



2.6. Signal List 

Signal Name 



Signal Descriptu 



T.M.D.S. Signals 



T.M.D.S. Clock + & - 



T.M.D.S. Clock Shield 



T.M.D.S. DataO + & - 



T.M.D.S. DataO/5 Shield 



T.M.D.S. Data I + & • 



.M.D.S. Data2/4 Shield 



T.M.D.S. Data2 + & ■ 



T.M.D.S. Data 1/3 Shield 



.M.D.S. Data3 + & - 



T.M.D.S. Data4 + & - 



DDC Clock 



+5V Power 



Ground (for +5V) 



Analog Signals 



Analog Red 



Analog Green 



Analog Blue 



T.M.D.S. clock differential pair 



Shield for T.M.D.S. clock differential pair 



T.M D.S. link #0 channel #0 differential pair 



S hared shield for T.M.D.S . link *0 channel *0 and link*l^^ 



T.M.D.S. link #0 channel #1 differential pair 

IhaTedlhiel^^ 



T.M.D.S. link 30 channel U2 differential pair 



Shared shield fc rT^D.S. link HO channel U H^kin^^^ 



T.M.D.S. link #1 channel #0 differential pair 



TJVlD.S. link n\ channel #1 differential pair 




Analog Horizontal Sync 



Analog Vertical Sync 



Analog Ground 



The clock line for the DDC interface. 



+ 5 volt signal provided by the system to enable the monitor to 
provide EDID data when the monitor circuitry is not powered.^ 



Ground reference for +5 volt power pin. Used as return oy 
HSync and VSync Signals 



Analog Red signal. 



Analog Green signal. 



Analog Blue signal. 

Horizontal synchronization signal for the analog interlace: 



ySfcd^i^m'io" signal for th e analog interfacT 
. ■ : : 71 , . » o 



Common ground for analog signals. Used as a return lor 
analog red, green and blue signals only. 
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3. T.M.D.S. Protocol Specification 



3.1 Overview 

ii i Link Architecture , ,, T .. nl - 

A T M.D.S. transmitter encodes and serially transmits an input data ^™ ^™££der 
£nito a T.M.D.S. receiver (Figure 3-1). The T.M.D^encod.ng ^"^^^ 
and decoder functional requirements for transm.ss.on of the T.M.D.S. input Strea 

input and output layers also is not specified. 



A 



Input 
Format / 

/ 



r 



Input Streams 
A 



T.M.D.S. Link 



Recovered 
SStre^ ams 



_D§L 



Pixel Data (24 bits) ) 



Control Data (6 bits) ^ 



CLK 



Channel 0„ ._, 

„_GbS!!DSLJ ■}■ 




Pixel Data (24 bits) ^ 



Control Data (6 bits) ^ 



CLK 



Output 
Format 



Single T.M.D.S. Data Link 



T.M.D.S. Frequency 
Reference 



Figure 3- J. T.M.D.S. Link Architecture 
(Se) The active data enabUsignal indicates that pixel data is to be transmuted. Note that 

is a continuous stream of serialized T.M.D.S. characters. 

Thl'T.M.D.S C cfock channel carries a character-rate frequency reference from which the 
receiver produces a bit-rate sample clock for the incom.ng serial streams. Due to the high 
' oa skew that must be tolerated, the phase of the denved sample clock must be 
5«edTdSa5y for each data channel. The methods of eloe : *r data 

recovery are implementation specific and beyond the scope of this document. 
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3.1.3 S y nchr0n,Zat '°?„ rmine the location of character boundaries in the serial data 

TheT.M.D.S. receiver must determine the Jocanon ^ receiver (S 

streams. Once character boundar.es are estabhshed or^ all a charac ters from 

deftned to be periodic cues for decoder 

"the data channels for decode. The T.M.u.a. 
synchronization. 

Th eT.M.D,. characters selected t o « 

while the T.M.D.S. characters "^JSSlSr. ttMsmitted during the blanking 
transitions. The high-trans.uon content of the^ he dccodcr . while these 
period form the basis for character bo ^'^Z^ cL, they are sufficiently alike that 
characters are not individually unique of th em during transmitted 

the decoder may uniquely detect f^^^ an implementation detail beyond 

r^sss^^ — — ~ are dcf,ned 

During the blanking period there are ^^StSSTiS* »"P* » the enC ° der - DUrmS 
directly to the four possible states of the two mpu ^ control J f dcd 
activeLa, when each 1 0-bit character conta.r ts °^ ion in the number of 

characters provide an a PP rox,m ^^e orocess Z the active data period can be v.ewed ,n 
transitions in the data stream. The ^code pro«« or ^ ^ ^ ^ mput 

two stages. The first stage produces a „ ns u on — « t.M.D.S. character, 

^^StZ^Z^: transmitted stream of character, 

representation of the trans.t.ons found n P both cases the least sign.ficant 
which of two methods was used to desc " b ^ n ^ with a starting value 

bit of the output matches the ^^^^t derived from sequential exclude 
established, the remaining seven bits of the output woru ^ ous | y 

OR (XOR) or exclusive NOR ^^"^^^ the encoded values 
derived bit. The choice between XOR and I XNOK ^ og ^ ^ ^ w md 

contain the fewest possible trans.t.ons, »^*e b. of ^ dccodc of 

whether XOR or XNOR ^"^"w ng ehher XOR or XNOR gates to the 



output unchanged. 



UUtpui o 

Thc second stageofthe encoder during 

approximate DC balance on the \ tenth b f t is added to the code word, 

of the nine-bit code words pnfthc** fncoder determines when to invert the next 

,o indicate when the inversion has been ™«J^% e ^° n oncS and zeros that it tracks .n the 
T M.D.S. character based on the running dB P an ^* e, ^ d in thc curre nt code word. If too 
transmitted stream, and the number of ones and „ found n ^ ^ ^ ^ 
ma ny ones have been transmuted and the input con "»« « decodcd g( ^ 

is invened. This dynamic ^^J-^r^eSTSSl based on the tenth bit of the 
receiver by the conditional inversion of the input 
T.M.D.S. character. 

3.1 .5 Dual-Link Architecture archilecture was originally chosen based on 

The number of data channels ,n the T .M.D S. ' ^ a « and the logical simplicity of using one 
.he combination of bandw.dth ^".red for video da ta ana ^ .^.^ fey ^ 

data channel each for red, green and blue pixel oaia. 
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specification uses six data channe.s sharing a single dock ^^^JS™^ 

the interface. For this configuration, the first data link transmits odd pixels while 

data fink transmits even pixels. The firs, pixel of each line ,s pixel number one, an odd pixel. 

3.2 Encoder Specification 

line is pixel number one, an odd pixel. 



Input Streams 



Link 



T.M.D.S. receiver 




Recovered 
Streams 







3 VSYNC 




^ GRM7-QL 




" ; rxtn - 






=3 RFnf?-01 








rrti — 




^ CI K - 





Figure 3-2. Single fink TM.D.S. Channel Map 



The use of all control signals ^^^^^^X^^^ 

Telther S L e 0 ven n :d;e C s " LTdd edge's of the single pixel input Cock, it must not sw.tch 
back forth between even and odd while the link is active. 
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Input Streams 




Dual T.M.D.S. Link 



^Digital Display Working Group 
Recovered 
Streams 



T.M.D.S. receiver 




*:♦->• V •:» r-.»-:: r. V. ;v- •< .. - _':. r • ^ •• ■ • ■ ■ " 

-.. „,.fc. .... 



Rl Ur7:01 



HSYNC 



j VSYNC 



CTLO 



CTLL 





r: Rfpf7-01 ^ 






c 


^ rn i ^ 


ignrr 


nv ^ 


co 




"55 


CLK 


c 




c 

CO 


mxnnm r 


JC 

o 


sS rru r 


lnter-i 




1 

.18 nRN?f7:0! r 



ij rrt.6 



_TT1.7 



JUiDZLLflJ j 



CTL8 



Figure J-i ZW Link T.M.D.S. Channel Map 
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3.2.2 Encode Algorithm definitions of Table 3-1. 

The T.M.D.S. encoding algonthm « ^n^^ng biildng and one of 460 unique 
The encoder produces ^r^^^SS^SS characters over the link is reserved 
10-bit characters during active data. Use ot all omer 
and must not be generated by the encoder. 



D.C0.C1.DE 



cnt 



N,{x} 
N 0 {x} 



-^J^^^^ data. CI and-C07re the control 

data for the channel, and DE is data enable 

input data. 



"This operator returns the number of "0"s in argument =? 



Table 3-1 Encoding Algorithm Definitions 
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FALSE 



DE.D[0:7). CO. C1. cnt(M) 



q_m[0] = 


D[0]; 


0_m[1) = 


q_m[0] XOR D[1]; 


q_m[2} = 


q_m[1] XOR D[2]: 


q_m[7] = 


q_m[6) XOR D[7]; 


q_m[8] = 


1; 




TRUE 



O>m[0] 


= D[0]; 


q_m[1) 


= q_m[0] XNOR D[1); 


Q_m[2] 


= q_m[1] XNOR D[2); 


Q_m[7] 


= q_m[6] XNOR D[7J; 


q_m[8] 


= 0; 




Cnt(t) « 0; 

case (C1. CO) 
00: q out(0:9) = 0010101011 
01: qlout[0:9] = 1101010100 
10: q__out[0:9] = 0010101010; 
11: q_out[0:9] = 1101010101 

endcase 



q_out[9] =-q_m[8]; 
q_out[8] =q_m[8); 

q_out[0:7] = (q_m[8]) 7 q_m[0:7]:-q_m{0:7]); 



TRUE 




FALSE 



q_out[9] = 1; 
q_out[8] = q_m(8): 
q_out[0:7) = -q_m[0:7]; 
Cnt(t) = Cnt(t-1) + 2*q_m[8]* 

(N o {cum[0:7]} - N^q.mJO^]}); 



TRUE 



q.outl9] = 0; 
q_out(8) = q_m[8); 
q_out(0:7] = q_m[0:7]; 
Cnt(t) = Cnt(M) - 2*(-q_m[8]) 

♦ (N,{q^tn[0:7]> - N 0 {q_m(0:7])); 



Cnt(t) = Cnt(t-1)> 
(N,{q.m[0:7]} - N 0 {q_m[0:7]}): 



Cnt(t) = Cnt(t-1) + 
(N 0 {q^m[0:7)) - N^q.mlO:?)}); 



Figure 5-5. T.M.D.S. Encode Algorithm 
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3.2.3 Serialization 
The siream of T.i 
the T.M.D.S. dat 
to be transmitted 

3.3 Decoder Specification 



3.2.3 Serialization serialized for transmission on 



four. 



blanking period greater than 1 28 characters .n length. 

Prior to synchronization detection, and during periods of.ost synchrontzation. the receiver 
shall not update the signals of the recovered stream. 
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3 3 3 Decode Algorithm 

-The T.M.D.S. decode algorithm is specified by Figure :>-&. 



D[9:0] 




case (D[0:9J) nn 
case 0010101011: C(1:01 : = 00: 
case 1101010100:C[1:0]: = 01 
case 0010101010: C[1:0) : = 10 
case 1101010101: C[1:0):= 11 

endcase: 



Q[0] :« 
QI1] :: 
Q[2] v 
Q[3] : 
Q14] : 
Q[5] 
Q[6] 
Q[7] 



DtOl; 
D[1] XNOR D(0]; 
D[2) XNOR D[1); 
D[3] XNOR DPI; 
D(4] XNOR DP); 
D(5l XNOR D[4]; 
= D[6] XNOR Dpi; 
= D[7] XNOR D[6J; 



Q[0] 
Q[1] 

Q[2) 
Q[3] 
Q(4] 
Q(5] 
QI6] 



= D[0); 
= D[1] XOR D[01; 
;= D[2] XOR D[1); 
;= D[3] XOR D[2J; 
:= D[4] XOR DI3]; 
= D[5] XOR D[4]; 
:= D[6] XOR D[5]; 
:= D[7] XOR D[6J; 



Figure 3-6 T.M.D.S. Decade Algorithm 



Thert is no requirement for eaor handling over the T.M.D.S. link. 



Error Handling 
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Input 
Streams 



latency across 

-4 — active video region 

DE 



the interface. Figure 3-7 with Table 3-2 specifies these parameters. 

active video region 



inactive/blank region 



T.M.D.S. 
Link 




Channel 0 >^T^;r< 



Channel 1 



Channel 2 ♦.^fij^l^S?^ g^gj^^cntkCTU^ 



Recovered 
Streams 



DE 



constant HSYNC.VSYNC 



f;.r:^; G RNf 7:Q]C^V^-^ r 



constant CTLO.CTLl^ 



REDf7:0] < 



» 4 — active vi< 



invalid 



HSYNC.VSYNC 



invalid 







invalid 



video region 



constant HSYNC.VSYNC 



constant CTLOCTU 



YT-, ~ red[7 oi; :. 



^vCTL2.CU3..;: 



constant CTL2.CTL3 



Symbol 



tR 



Figure 3-7 T.M.D.S, Link Timing 
Description 

Minimum duration blanking period required to ensure character 
boundary recovery at the rece.ver. Blanking periods of th.s 
duration must occur at least once every 50 mS (20 Hz). 
Maximum encoding/serializer pipeline delay 
Maximum recovery/de-serializer pipeline delay. 
timing includes inter-channel skew, and >s measured from the 
p a HiP« DE transition amonp the data channels. 



64 
64 



Table 1-2 TM.D.S. Link Timing Parameters 
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4 TM D.S. Electrical Specification 

Sometimingparameter va.es in this spe Ci r,c^ 

based on absolute va.ues. For scalab.e ^SSe • Sfl' is called the bi. time, or T b , The btt 

tZ££2i^*&G& or UI - in the jittcr and eye diagram specif,cauons ' 

, • ,H in this chapter are for illustration only and do not represent the only feas.ble 
Schematic diagrams contained in th.s chapter 
implementation. 

must be matched. 




7 i& re4.,Conc e pLsche ma ncforoneTM.DS.d i ff e r ent ialpa i r 

A singl e-ended differential signal, representing either the : positive ^^S^^^' 
i muSated in Figure 4-2/The nominal ^^^^S^L pair, the net signal on the pa, r 
voltage of the signal is (AV M - V lwi(lg ). Sim x j*e swing « differentia , signa l, as shown ,n F.gure 

hasa swingtwicethatofthes.ngle-endeds.gnal.or2 V >WM>r 

53 swings between positive V,„ iB! and negat.ve V iwing . 
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Figure 4-3 Differential Signal 

Figure 4-2 Single-ended Differential Signal 



r -r m n q link are shown in Figure 4-4. The first test point (TP1), at the pins of 
The signal test points for a T.M.D.S. link are shown in rigu h h , ransm j t , er is tested 

the T.M.D.S. transmitter, is not utilized for testmg under th s *^^£f J^'J^ connect0 r to the 
at TP2, which includes the network from the ^^J^l " " J n " "jpa rather than at TP4, 
cable assembly. The input to the receiver is similarly descr,bed b J f ' gna "f tworWs on transmitter and 
the pins of the receive, By imposing the ^^SS^y^^^^ «™*** 




TO* 
TO- 
■ 

• 


1 






■ 
• 
• 





Transmitter 
Network 





Figure 4-4 T.M.D.S. Link Test Points 



The test procedures required to determine compliance with the specifications contained in sections 4.3. 4.4. 
4.6, and 4.6 are described in section 4.7. 
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damage the system. 



Item 



Value 



Termination Supply Voltage, AV« 
Signal Voltage on Any Signal Wire 
Common Mode Signal Voltage on Any Pair 
Differential Mode Signal Voltage on Any Pair 
Termination Resistance 
Storage Temperature Range 



4.0V 

-0.5 to 4.0V 
-0.5 to 4.0V 
±3.3V 

OOhms to Open Circuit 

-40 to 150 degrees Centigrade 



Table 4-J Maximum Ratings 



The required operating conditions of the T.M.D.S. interface are specified in Table 4-2. 



Item 



Value 



Termination Supply Voltage, AV CC 

Termination Resistance ^.^^es Centigrade 

Operating Temperature Range uio_/v — , 

j 2 Require d Operating Conditions 



4.3. Transmitter Bagg-JSp-^™ Transmitter electrica , testing sha„ be performed 



The DVI interface requires a 
using the test load shown in Figure 4-5. 



® 



TO* 

TO- 



Transmitter 
Network 



AVcc 



50+/- 1% 

-AAA — 

— VW — 
50 ♦/- 1% 



-^WV— ' 

50 +/- 1% 



Figure 4-5 Balanced Transmitter Test Load 



in Table 
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Value 




Single-ended high level outpu, voltage, V„ AV - l0m . 40QmV) 

Single-ended low level output voltage, V L (AV « mv; l l 

Single-ended output swing voltage, V twing 400mV J V ; „ 8 < 600mV 

S ingle-ended standby (off) output voltage, V OFF AV « ±lUmV - 

Table 4-3 Transmitter DC Characteristics at TP2 



nominal swing voltage (V, wing ) of the device under test. 
difTerential pair. 



Item 



Value 



Risetime/Falltime (2O%-80%) 
Intra-Pair Skew at Transmitter Connector, max 
Inter-Pair Skew at Transmitter Connector, max 
Clock Jitter, max 

Table 4-4 Transmitter AC Characteristics at TP2 



75ps < Risetime/Falltime < 0.4 T blt 
0.15 T b „ 
0.20 T pi «, 
0.25 T b; , 



Foral , channels ^,'ope^ 

minimum eye opening as well as the max.mu m ov she ^t and U,nde ^ot -re ^ ^ ^ 

difTerential swing voltage of the component »"^^ta ^,^l~Si ntfa , swing voltage. The 
testing frequency, while the amplitude ax.s ,. normal " d ^^ e the average differential amplitude 
average differential swing voltage .s defined as the d'^rence b«^ n t « a * Th£ a e 

when driving a logic one and the average at negative 0.5. 

logic one appears at positive 0.5 on the ^^^^^^ m xMs^ & voltage) 
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0> 0.65 

J 0.50 
O. 

| 0 25 



5 00 
Q 

1-0.25 

CO 

p -0.50 



1 VS&6*p£& 



tfl^^^ ^ p^^-O^-^j;--^* — ! L.. r 




0.1S ojj "•<* 01,5 10 

Normalized Time 

Figure 4-6 Normalized Eye Diagram Mask at TP2 

Co mbi n ing *e^ 

V high (max) = V, wing (max) + 15-/. • (2-V,^ (max)) - 600 + 180 = 780 mV 
V high (min) = V swing (min) - 25% • (2« V, wi „ g (min) ) = 400 - 200 = 200 mV 
V*. (max) = -V Iwin< (max) - 1 5% (2- V iwing (max) ) = -600 - 1 80 = -780 mV 
V_ (min) = -V, wing (min) ♦ 23% * (2«V,^ (min) ) = -00 + 200 - -200 mV 
Minimum opening at transmitter = V high (min) - V low (min) = 400 mV 



indirectly. 
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4.4. Receiver Electrical Specifications ^ for a „ 

The receiver shall meet the signal requirements listed in 1 able 
operating conditions specified in Table 4-2. 




Differential Input Voltage. V 5di rr 
Input Common Mode Voltage, V icm 
Behavior when Transmitter Disabled or 
Disconnected 



150<V idifT < 1200 mV 
(AV cc -300)<V icm <(AV cc -37) 

AV cc ±l0mV 



Table 4-5 Receiver DC Characteristics at TP3 



Value 

Item . — — ~ ISOmV 

Minimum differential sensitivity (peak-to-peak) ^ 
Maximum differential input (peak-to-peak) 

Allowable Intra-Pair Skew at Receiver Connector ■ ■* 

Allowable Inter-Pair Skew at Receiver Connector _ £ e!i£L 

"~~™ ~ ~' Ta bie 4-6 Receiver AC Characteristics at TP3 



- " Value . 

Item — ' ■ 75p S 

TDR Rise Time 500 ps 

Exception_window a 100±20 Q 

Through_connection ] QQ±l Q Q 
At Termination* 1 



7aWe 4-7 Receiver Impedance Characteristics at TP3 

•Within the Exception_window no single impedance excursion shall 
exceeTtirThrough^connection impedance tolerance for a period of 

SSmJ™ rise tTme specification. The ---X'^^sronhe 
the Exception^window at TP3 shall not exceed +75% and -25% of the 

nominal cable impedance. 

>Through_connection impedance describes the ^™'?* mnCt 
through a mated connector. This tolerance .s greater than the 
Satfon or cab.e impedance due to limits in the techno.ogy of the 
connectors. 

- The input impedance at TP3 t for the termination, shall be recorded 4.0 
J folKng the reference location determined by an open connector 
between TP3 and TP4. 
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•r,oH in Table 4-2 the receiver shall reproduce a test 

of Figure 4-7. 




0.2S 0.30 °- 75 

Normalized Time 
Figure 4-7 Absolute Eye Diagram Mask at TP3 



4.5. Cable Assembly Specifications require ments of Figure 4-6 a D v I cable 

When driven by an input waveform "-JjJ^ ^SESTv^ diagram mask of Figure 4-7. In 
assembly must a produce an output waveform ' J»™ requirc ments of Table 4-8. 
addition, the cable assembly must meet the s.gnal skew requ 



iSmum Cable Assembly Intra-^iT ikew 

M.vimum Cable A ^hlv Inter-Pa.r Skew 

Table 4 . 8 Cable Assembly Skew Budge, (informative) 



Value _ 
0.25 T b „ 
0.4 T d i..i_ 



4 6 Jitter Specifications SD ecifications defined in Table 4-9. 

time (TbiO- 




• The total jitter from TP2 to TP3 is calculated based on the 
aJumption «ha. «he distribution of the jitter ,s Gauss.an. 
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4.7. Electrical Measurement Procedures 

Electrical measurements shall be performed as described in this clause. 




4.7.1. Test Patterns _ . . 

Two different test patterns are used to evaluate T.M.D.S. interface components. For p.xel error rate 
meTsu emems , (2 M -1) bit pseudo-random data pattern is transmitted. Other measurements spec.fy a half 
S- s^uence The half dock pattern consists of alternating 0x3FF. (all ones) and 0x000 (all zeros) 
T M D S. characters. This pattern is useful for determining average swing voltage, log.e one. and tog.c zero 
voltage levels. 



4 7 2 Normalized Amplitudes . 
Normalized amplitude measurements are necessary for both ^^^^^ °[^ the 
TMDS interface. These measurements are made with transm.ss.on of the half clock test pattern and the 
ume'base of he measurement equipment set to a scale that is coarse enough to observe at least two full 

E, ^SSiTUlW-nd low-level amplitudes are ^^^^^^ 
ringing has subsided. These averages establish the swing voltage and are used to normahze the eye 
diagram. 



Eye diagrtm 'l^^^^ clock which has been recovered from the transmit ™J ^^ k 
recovery unit is used to remove low frequency jitter from the measurement as shown *n Figure 4-8. The 
cloc^ov^ a low pass filter with 20dB/d;cade rolloff with -3dB point of 4 MHz. It is used to 
W^ieTJIi locked loop in the receiver. The receiver is able to track a large amount of low 
hSS • 5« («h as drift or wander) below this bandwidth. This low frequency jitter would create a 
large measurement penalty, but does not affect the operation of the link. 



Differential Data 



Eye Diagram 
Measurement 
Instrument 



Differential Clock 




Recovered 
clock for use 
as trigger 



Figure 4-8 Clock Recovery Unit in Eye Diagram Measurements 



The eye diagrams produced with by this method will contain only high frequency jitter components that 
not tracked ly the clock recovery circuit of the receiver. The clock recovery unit may be a T.M.D.S. 
receiver meeting the filter requirements above. 



are 
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4 7 4. Transmitter Rise/Fall Time 
Rise time is a differential measurement across the outputs of a differential pair with a load present 
(inctuding test equipment) equivalent to that shown in Figure 4-5. Both ns.ng and falling edges are 
measured The 100% and 0% levels are the normalized 1 and 0 levels present when sending half clock 
characters (4.7.1). 

Once the normalized amplitude is determined, the time base is changed to a finer scale to measure the rise 
and fall time. The half clock data pattern (4.7.1) is transmitted for the rise and fall time measurements. The 
rise time specification is the time interval between the normalized 20% and 80% amplitude levels. It .s 
recommended to utilize the averaging feature of the equipment to read more stable values. 

When the equipment's rise time is not negligible compared to the signal's rise time, the effect of the 
equipment should be removed using the equation: 

Trise,fall = <J(Trise, fall _ measured)' - (Trise, fall _equipment) 1 

In order to keep the measurement error under 10% when using this equation, it is necessary that the 
equipment rise time be less than one third of the signal rise time. 



4.7.5. Transmitter Skew Measurement 
The transmitter skew is the time difference between the two differential signals m <^^*™™?™ A 
50% crossover point with a load present (including test equ.pment) equivalent to that shown nF'S^eJ ^5. 
This measurement is taken using two single ended probes. Skew in the test set-up must be cahbra ted and 
removed from the recorded measurements. All of the signal pairs must be measured and the worst case 
. recorded. 

Normalized amplitudes are determined using the method described in 4.7.2. 

The device under test transmits a continuous half clock character pattern as defined in 4.7.1. The data is 
averaged using an averaging scope. An easy method to view and measure the skew between these s.gnals ,s 
to invert one of the signals. 

This test I made alTdSntlaf measurement at TP2 of 100.000 acquisitions to achieve 99% confidence 
within 1% error of the mean value assuming normal distribution of the waveforms in the eye diagram. 
Referring to Figure 4-6. there are eight critical locations to collect the data of the : means and; standard 
deviations: a, si? horizontal segments of (0 < x < 0.15, y=0). (0.85 < x < 1.0, y=0) (0 < > : < 0 32 y=0 25) 
(0.68 < x < 1.0, y=0.25). (0 < x <0.32, y=-0.25). (0.68 < x < 1.0, y=-0.25), and at two vertical segments of 
(x=0.5, 0.25 < y < 0.65) and (x=0.5. -0.65 < y < -0.25). 

The mean and standard deviation at each of the eight critical regions around the eye are used for lime 
statistics at the six horizontal locations and for amplitude statistics at the two vertical. locations. In all cases 
the eye must be degraded by ±6 sigma limit points for the pixel error rate of 10 . 

The scope trigger must be a recovered clock as defined in 4.7.3. The data pattern for this test is the pseudo- 
random data pattern defined in 4.7. 1 . 
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4 7 7 Jitter Measurement . 
Jitter measurement is performed as a differentia, measurement of the rising edge of ' *. clock jJJ^JJ* 
minus elk-) at TP2 and TP 3. The scope trigger must be a recovered clock as defined n 4.7.3. The scope is 
usTd odeilne the standard deviation of the 50% crossings in measuring ume «»f«?^e 
differential clock signal The random jitter at 10"' pixel error rate will be ±6 s.gma limit points of the 
dS 11 When the jitter inc.udes any systematic components, care must be taken m obtammg the s.gma 
va.ue from ihe scope, otherwise the overestimated sigma value can lead to an excessively large value of the 
jitter limit. 

4.7.8. Receiver Eye . 

This differential measurement is made at TP3, through mated connectors with a load present 
(including test equipment) equivalent to that shown in Figure 4-5. 

This test is made as a differential measurement at TP2 of 1 00,000 acquisitions to achieve 99% confidence 
Shin % e™ or of the mean value assuming normal distribution of the waveforms in the eye digram. 
Referring to Figure 4-7, there are eight f^^S^^l£X^^^^ 

of (x=0.5, 75mv < y < 780mv) and (x=0.5, -780mv < y < -75mv). 

The mean and standard deviation at each of the eight critical regions around the eye are used for ^time 
statistics at the six horizontal locations and for amplitude statistics at the two vertical locations. In all cases 
the eye must be degraded by ±6 sigma limit points for the pixel error rate of 1 0 . 

The scope trigger must be a recovered clock as in 4.7.3 and the transmitted data pattern is 
pseudo-random as defined in 4.7.1. 

4 7 9. Receiver Skew Measurement 
This single ended measurement is made at TP3, through mated connectors with a load present 
(including test equipment) equivalent to that shown in Figure 4-5. 

The same method is used as for transmitter skew in 4.7.5. 

4 7 10 Differential TDR Measurement Procedure 
The differential ime-domain reflectometry (TDR) test setup measures the reflected waveform 
returned from a load when driven with a step input. It is obtained by driving the load under 
est with a step waveform using a driver with a specified source impedance and rise time. The 
reflected waveform is the difference between (a) the observed waveform at the device under 
est when driven with the specified test signal, and (b) the waveform tha, results when dnving 
I siandard test load with the same specified test signal. From this measurement result we can 
infer the impedance of the device under test. 

The driving waveform is sourced from a balanced, differential 100-ohm source with a 75 ps 
rise time. 
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5. Physical Interconnect Specification 



5 " 1 * ° V nvi!!lnl a mt host systems may provide either a digital only interface or a combined analog 

Plug o 6 f an analog monitor wi.l not mate with the digital on.y system. 

5.2. Mechanical Characteristics 
5.2.1. Signal Pin Assignments 

contacts. Signal pin assignments are listed in Table 5-1. 



Pin 


Signal Assignment 


Pin 


Signal Assignment 


Pin 


Signal Assignment 


1 


T.M.D.S. Data2- 


9 


T.M.D.S. Datal- 


17 


T.M.D.S. DataO- 


2 


T.M.D.S. Data2+ 


10 


T.M.D.S.Datal + 


18 


T.M.D.S. Data0+ 


3 


T.M.D.S. Data2/4 Shield 


11 


T.M.D.S. Datal/3 Shield 


19 


T.M.D.S. DataO/5 Shield 


4 


T.M.D.S. Data4- 


12 


T.M.D.S. Data3- 


20 


T.M.D.S. DataS- 


5 


T.M.D.S. Data4+ 


13 


T.M.D.S. Data3 + 


21 


T.M.D.S. Data5+ 


6 


DDC Clock 


14 


+5V Power 


22 


T.M.D.S. Clock Shield 


7 


DDC Data 


15 


Ground (for +5V) 


23 


T.M.D.S. Clock+ 


8 


No Connect 


16 


Hot Plug Detect 


24 


T.M.D.S. Clock- 



Table 5-1 Distal-Only Connector Pin Assignments 
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5.2.1.2. Combined Connector conta cts which are divided into two sections. 

The mechanical interconnect .ncludes 29 s.gnal contact , w" ,cn f Ive 

The first section is organized as J ^^^^M^ Verti "' f ynC J 
SS ^^^^X^^,s. Sign., Pin assignments are „sted 

in Table 5-2. 



Pin 


Signal Assignment 


Pin 


Signal Assignment 


Pin 


Signal Assignment 


l 


T.M.D.S. Data2- 


9 


T.M.D.S. Datal- 


17 


T.M.D.S. DataO- 


2 


T.M.D.S. Data2+ 


10 


T.M.D.S. Datal + 


18 


T.M.D.S. DataO+ 


3 


T.M.D.S. Data2/4 Shield 


11 


T.M.D.S. Data 1/3 Shield 


19 


T.M.D.S. Data0/5 Shield 


4 


T.M.D.S. Data4- 


12 


T.M.D.S. Data3- 


20 


T.M.D.S. DataS- 


5 


T.M.D.S. Data4+ 


13 


T.M.D.S. Data3+ 


21 


T.M.D.S. Data5+ 


6 


DDC Clock 


14 


+5V Power 


22 


T.M.D.S. Clock Shield 


7 


DDC Data 


15 


Ground 

(return for +5V, HSync, 
? «H VSync) 


23 


T.M.D.S. Clock+ 


8 


Analog Vertical Sync 


16 


Hot Plug Detect 


24 


T.M.D.S. Clock- 


CI 


Analog Red 


C2 


Analog Green 


C3 


1 Analog Blue 


C4 


Analog Horizontal Sync 


C5 


Analog Ground 

(analog R, G, & B return) 





Table 5-2 Combined Analog and Digital Connector Pin Assignments 



5.2.2. Contact Sequence 



Connection 


Signal Pins 


First Make 


Connector shell 


Second Make 


C5 (analog ground, when present) 


Third Make 


-^sTthrough 13 and 15 through 24 


Fourth Make 

i 


CI, C2, C3, C4 (analog signals, when present) 
Pin 14 (+5 V power) 


Table 5-- 


Mating Contact Sequence 
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5.2.3. Digital-Only Receptacle Connectors 

5.2.3.1. Mating Interface Dimensions 




'Digital Display Working Group 



-1X.V5!. 1 ■«-«• U* 




XI — XT] 




t0.«4 MAI. 7.12 



Figure 5-1 Digital-only Receptacle Connector Mating. Interface Dimensions 
5.2.3.2. Recommended Printed Circuit Board Ho.e Pattern and Keep Out 



— 56.83 SEE NOTE I- 




0 1.9310.05— ~* \ 
t X2 - PLATE THRU) 



0 L93 s0.e5 

( X2 " NO PLATE THRU - 
SEE NOTE 2) 



RECOMMENDED PCBJ 1 AYOUT 



1°T T H£SE DIMENSIONS DEFINE THE 
CONNECTOR KEtP-OUT AREA. 

2 THESE HOLES FOR USE WITH 
CONNECTOR PLASTIC RETENTION 
PECS 



Figure 



5-2 Recommended Digital-only Receptacle Connector PCS Layout 
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'Di S i 



play Working 



5.2.4. Combined Analog and Digital Receptacle Connectors 
5.2.4.1. Mating Interface Dimensions 




IQ.B* U AX', l."*2 



1 



Figure 5-3 Combined Receptacle Connector Mating Interface Dimensions 



5.2.4.2. Recommended Printed Circuit Board Hole Pattern and Keep Out 

. -36.83 SEE NOTE 1 



< *2«U e>t».86«o.os - 



|l.905| 



EEHHD 



• {30.73J - 



-(l3.33S|- 



y CM I 

-e o o o o o o 




$-$-0 O O- CD y ■ /t a v 

^ 74 / i v 



- f?34l 



- OP.66iQ.05 t X61 



(H3 



10.95 



<0l£ I 



0 1.93*0.05 V ^ 

I X2 - PLATE THRU! 



-0 l. 93»Q-®S 

( X2 - NO PL«T£ THHU - 
SEE NOTE 2> 



RECOMMENDED PCB LAYOUT 

L°TMtSE DIMENSIONS DEFINE THE 
CONNECT Of* KEEP-OUT AREA. 

2 THESE HOLES TOR USE WITH 
CONNECTOR PLASTIC RETENTION 
PECS 



Figure 5-4 Recommended Combined Receptacle Connector PCB Layout 
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5.2.5. Digital Plug Connectors 

5.2.5.1. Mating Interface Dimensions 



"Digital L 



&.U U4I. T.» 



© - 



& & **> C *~ 



0 



<£? & ^> &o 



7 



-e 



1 yti 
■ — f 



Figure 5-5 Digital Plug Connector Mating Interface Dimensions 



5.2.6. Analog Plug Connectors 

5.2.6.1. Mating Interface Dimensions 




Figure 5-6 Analog Plug Connector Mating Interface Dimensions 
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5.27. Recommended Panel Cutout 



^Digital Display Working Group^| 
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Figure 5-7 Recommended Panel Cutout for Receptacle Connector, 
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interface. Where appropriate the re.evant ANS1/E1A-364 Test Procedures and Condu.ons are 
referenced. Please refer to section 5.5 for detailed test sequence How charts. 



Item 

Vibration 


Test Condition 

ANSI/E1A-364-28, Condition HI 
Method 5 A, 15 minute/axis 


Requirement 

No discontinuity at Ip-S or longer 
(each contact) when continuity is 
tested per ANSl/EIA-364-46 


Mechanical Shock 


ANS1/E1A-364-27 Condition A 
(specified pulse) 


No discontinuity at lp.s or longer 
(each contact) when continuity is 
tested per ANSI/El A-364-46 


Durability 


AWQi/Fl A-364-09 

Automatic cycling to 100 cycles 

Rate: 100 ± 50 cycles per hour 


Low Level contact resistance per 

ANSl/EiA-364-23 

10 mQ maximum change from initial 

per contact pair 

All samples to be mated 


Mating & Unmating 
Forces 


ANSI/EIA-364-13 

Insert and extract at a speed of 

25rnm/minute 


Unmating force: 

I kg force minimum, 
4 kg force maximum 

Mating force: 

4.5 kg force maximum 


Cable Flexing 


ANS1/EIA-364-41 Condition I 
Dimension X=3.7 x cable 
diameter 

100 cycles in each of 2 planes 


Dielectric Withstanding Voltage tested 
per requirements of section 5.3. 
Insulation Resistance tested per 
requirements of section 5.3 
Continuity tested per ANSI/EIA-364- 
46 with no discontinuities on contacts 
or shield greater than l|is allowed 
during flexing. 
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5.3. Electrical Characteristics 
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5.3.1. Connector Electrical Performance CO n ne ctor 

.This section summarizes the electa. are 
interface. Where appropriate the relevant ANSI/EIA-364 Test Proceaures 
referenced. Please refer to section 5.5 for detailed test sequence How charts. 



Item 

Contact Resistance 


Test Condition 
ANSI/EIA-364-23 


Requirement 

20 mfi, maximum, initial per contact 
mated pair 

10 mO, maximum change from 
original per contact mated pair 


Shell Resistance 


ANS1/EIA-364-06A-83 

Contact resistance measured from 

ro^pntQfi** chell lea to dIue cable 
recepiauic aucn «■* k & 

braid. Test current = 1 00mA; Test 

voltage = 5 V DC open circuit 

maximum. 


50 mfi, maximum initial 

50 mQ, maximum change from 

original 


Dielectric 

Withstanding 

Voltage 


ANSI/EIA-364-20 

Test voltage 500 V DC ± 50V 

Method C, unmated and 

unmounted 

Barometric pressure of 15 psi 


No flashover, No sparkover, No 
excess leakage, No breakdown. 


Insulation 
Resistance 


ANSI/EIA-364-21 

Test voltage 500 V DC + 50 V 

Method C, unmated and 

unmounted 


1 GQ minimum between adjacent 
contacts and contacts and shell. 


Contact Current 
Rating 


ANSI/EIA-364-70.TP-70 
55°C, maximum ambient 
85°C, maximum temperature 
change 


1 .5 A minimum 


Applied Voltage 
Rating 




40 Volts AC (rms) continuous 
maximum, on any signal pin with 
respect to the shield 


Electrostatic 
Discharge 


IEC 801-2 

Test unmated from lkV to 8kV in 
1 kV steps using 8mm ball probe 


No evidence of discharge to contacts. 
Discharge to the shell is acceptable. 
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F 


requirement j 


Item 

T.M.D.S. 
Signal Time 
Domain 
Impedance 


Test Condition 

ANSI/E1A-364-108 Draft Proposal 

Ri^time = 330 nS (10%-90%) 
Kiseume jjv p*-* v 

S:G ratio per DVl pin designation 
Differential Measurement 

Specimen Environment Impedance = 100 O d.fT«m« 
Source-side receptacle connector mounted on a controlled 
impedance peb fixture 


00 Q± 15% 
5% Maximum 


T.M.D.S. 
oignai i irnc 
Domain 
Crosstalk: 
FEXT 


ANS1/E1A-364-90 Draft Proposal 

Risetime- 330 pS(10%«90%) 

S:G ratio per DVI pin designation 

Differential Measurement . 

wcimen Environment Impedance = 100 CI differential 

SourcT-side receptacle and the load side plug connector arc 

mounted on a controlled impedance peb fixture 

(1) Driven pair and (1) victim pair 




T.M.D.S. 
Signal Rise 
Time 

Degradation 


ANSI/E1A-364-102 
S:G ratio per DVl pin designation 
Differential Measurement 

S^en Environment Impedance =100 O d.fferenua 
Source-side receptacle and the load s.de plug ; connector 
mounted are on a controlled im pedance_pcbfixturc 


160 pS 
Maximum 
(Note: Converted 
bandwidth using 

RW=0 35/tricP 

yields 2.2 GHz) 
Requirement 


Item 

"Analog RGB 
Coaxial Signal Time 
Domain Impedance 


Test Condition . 

ANSI/EIA-364-108 Draft Proposal 
Risetime = 700 pS (10%-90%) 
S:G ratio per DVl pin designation 
Sinele-ended Measurement 

Specimen Environment Impedance - 75 ft «ngl«^cd 
Source-side receptacle connector mounted on a controlled 
impedance peb fixture 


75 a ±io% 

3% Maximum 


Analog RGB 
Coaxial Signal Time 
Domain Crosstalk: 
FEXT 


ANS1/E1A-364-90 Draft Proposal 
Risetime = 700 pS (10%-90%) 
S.G ratio per DVl pin designation 
Sinsle-ended Measurement 

Lecimen Environment Impedance = 75 Q single-ended 
Source-side receptacle connector is mounted on a 
Lntrolled impedance peb fixture and the load side plug 
connector is terminated to semi-rigid coax. 
( n Driven line and (1) victim line _ 




Analog RGB 
Coaxial Signal Rise 
Time Degradation 


ANSI/El A-364- 102 
S G ratio per DVI pin designation 

SS£S— : ~< = " n r'r nded 

connector is terminated to semi-ng.d coax. 


140 pS 
Maximum 
(Note: Converted 
bandwidth using 
BW=0.35/t fisc 
yields 2.5 GHz) 
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DV1 cable assembly. 




Analog RGB Signal 
Conductor Impedance 



Analog RGB Signal 
Conductor DC Resistance 



Analog RGB Signal 
Attenuation 



At 20° C 



Frequency (MHz) 
1 

10 

50 

100 

200 

400 

700 

1000 



1.8Q Maximum 



0.14 dB Maximum 
0.45 dB Maximum 

1.0 dB Maximum 
1.5 dB Maximum 

2.1 dB Maximum 
3.0 dB Maximum 

4.3 dB Maximum 

5.4 dB Maximum 
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5 4. Environmental Characteristics 

!S "rf LPtaU «fer » s e c,io„ 5.S fo, feaifcd s «,„<n« flow chats. 



Item 

Thermal Shock 


Test Condition 

ANSI E1A-364-32, Condition 1 
10 cycles, mated 


Requirement 

Low Level contact resistance per 

a xi ci /Pi A -^64-23 

10 mQ maximum change from 

initial per contact pair 

All samples to be mated 


Cyclic Humidity 


ANSI/EI A-364-3 1 , conditions A 
andB 

Method III, omit 7 A and 7B 


Low Level contact resistance per 

ANSI/EIA-364-23 

10 maximum change from 

initial per contact pair 

All samples to be mated 


Temperature 
Life 


ANSI/EIA-364-17 Condition 4 
105° C for 250 hours 
Method A, mated 


Low Level contact resistance per 

ANSI/EIA-364-23 

10 mO maximum change from 

initial per contact pair 

AH samples to be mated 


Temperature 
Rating 


Operating 


-20 °C to +85 °C 


Temperature 
Rating 


Non-Operating 


-20 °C to +85 °C 
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5.5. Test Sequences 

5.5.1 . Group 1 : Mated Environmental 



CONTACT AND 
SH £| ■ f?fc;tsTANCE 



(I/2 SAMPLES) 
AS 

RECEIVED 



<|/2 SAMPLES) 
DURABILITY 
ioo CYCLES 



I 



CONTACT AND 
sH Ej 1 rfc;tstANCE 



THERMAL SHOCK 
FTA 364-32 



CONTACT AND I 
HELL RESISTANCE 1 



THERMAL AGING 
EI A 364- IT 



CONTACT AND 
<^HF^ 1 RF^ISTANCE 



CYCLIC HUMIDITY 
CONDITION B 



CONTACT AND 
SHE! 1 RESISTANCE 



Nnmher of Samples: 



(5) Cable J 
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5.5.2. Group II: Mated Mechanical 



CONTACT AND 
SHELL RESISTANCE 



VIBRATION 
EIA 364-28 



CONTACT AND 
SHELL RESISTANCE 



MECHANICAL SHOCK 
EIA 364-27 



CONTACT AND 
SHELL RESISTANCE 



Number of Samples: 

(2) Receptacles, assembled to printed circuit board 

(2) Cable assemblies with a plug assembled to one end, 25.4 cm long 

Note- Connector is to be mounted on a fixture that simulates the typical application. The 
receptacle connector shall be mounted to a panel, per the receptacle panel cutout in shown ,n 
Figure 5-7, which is permanently affixed to the fixture. The plug shal be mated to the 
receptacle with jackscrews fully engaged and the other end of the cable shall be permanently 
clamped to the fixture. 
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5.5.3. Group III: Mechanical Mate/Unmate Forces 



MATING 


FORCE 






UNMATING FORCE 



DURABILITY 
100 CYCLES 
EI A 364-09 



MATING FORCE 



UNMATING FORCE 



THERMAL AGING 
EI A 364- IT 



MATING FORCE 



] 



| UNMATING FORCE | 
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Number of Samples: 



(2) Receptacles, assembled to printed circuit board . 

(2) Cable assemblies with a plug assembled to one end. 25.4 cm long 
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5.5.4. Group IV: Insul ator Integrity 



DIELECTRIC 
WITHSTANDING 
EIA 364-2® 







THERMAL SHOCK 
EIA 364-32 






DIELECTRIC 
WITHSTANDING 
EIA 364-20 







INSULATION RESISTANCE 
EIA 364-2 1 

CYCLIC HUMIDITY I 
CONDITION A 
EIA 364-3 1 I 

INSULATION RESISTANCE 
EIA 364-2 1 



Number of Samples: 

(2) Receptacles, assembled to printed circuit board 

(2) Cable assemblies with a plug assembled to one end, 25.4 cm long 
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5.5.5. Group V: Cable Flexing 

Table flexing 

EIA 364-4 1 



DIELE 
WITHSTAND] 
EIA 3 


CTRIC 

[NG VOLTAGE 
64-2© 






INSULATION RESISTANCE 
EIA 364-21 


>i««iK#t nf Samoles: 



(2) Cable assemblies 
5.5.6. Group VI: Electrostatic Discharge 



ELECTROSTATIC 
DISCHARGE 



j^n^r nf Samples: 
(1) Receptacle connector 
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Appendix A. Glossary of Terms 

Timeon Stm£.S. link during which DE is active and pixe! data encodings are present on 
the link. 

Blanking Period . . 

Time on the T.M.D.S. link during which DE is inactive and control signal encodings are 

present on the link. 
Channel 

A T.M.D.S. channel is a single differential signaling pair. 
Control Signals 

Additional signals to be transported over the T.M.D.b. link. 

A H^omrol signal indicating whether pixel data or control signals are to be transmitted. 

?}K^ineli plus one T.M.D.S. clock channel. The six data channels are 
referred to as channels 0 through 5. The clock channel is sometimes referred to as channel C. 

Horizontal synchronization signal typically used for CRT monitors. 

In-band characters . , . , TX i n c i;«v 

The collection of T.M.D.S. characters used to represent pixel data on the T.M.D.b. linK. 

A tIm-D-S. link is the entire three channels and clock pair required to transmit RGB data 

Out-of-band characters - .. , 

The collection of T.M.D.S. characters used to represent control signals on the T.M.D.b. link. 

Jfxel element. A pel is a pixel element, i.e. the singular red value or green value or blue value 
of and RGB pixel. 

Kbit 2 to be transported over the T.M.D.S. link. The three individual bytes of the pixel 
data, which are mapped onto individual T.M.D.S. data channels, are sometimes referred to as 
red, grn, and blu. 

Recovered Stream 

A T.M.D.S. input stream recreated a T.M.D.S. receiver. 
T.M.D.S. 

Transition minimized differential signal. 

T.M.D.S. characters . Q . rhanneis 

These are encoded 10-bit values which appear, serialized, on the T.M.D.S. data channels. 
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T.M.D.S. Data Channel 

A single serial stream of T.M.D.S. encoded data. 

T.M.D.S. Data Link channels. A dual T.M.D.S. link 

T.M.D.S. Link , channel The three data channels are 

as channel C. 

VESA, Video Electronics Standards Association 
North First Street, Suite 440 
San Jose, C A 95131 -2029 

Venlcal synchronization signal typically used for CRT monitors. 
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Appendix B. Contact Geometry 



The following document, ES-74320-900 (sheets 1-14) contains the technical design details 
required for compliance to the DVl plug and receptacle connector system. The information 
provided is covered by U.S. Patents 4,470,180 and 5,102,353 and is to be used solely for the 
purpose of compliance to the DVl specification. It is governed by the DDWG license 
agreements and associated compliance documentation. 
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